Introduction
Striatum, an input part of basal ganglia, is involved in motor control. Its operation is based on connectivity with cerebral cortex by means of a cortico-basal ganglia loop; i.e. the striatum receives monosynaptic cortical inputs and sends multisynaptic outputs back to the cortex. In rodents the striatum is divided into dorsolateral (DLS), dorsomedial (DMS) and ventral striatum (VS). DLS is known as sensorimotor striatum because the DLS, but not DMS nor VS, receives exclusive inputs from sensorimotor cortex and at a behavioral level DLS lesions impair movement (Yin, J Neurosci., 2010). However, several pieces of evidence suggest the involvement of DMS and VS in action control, demonstrating that DMS is crucial for goal-directed action (Yin et al., Eur J Neurosci., 2005) and a class of interneurons in VS plays a causal role in approaching a novel stimulus (Aoki et al., J Neurosci., 2015) . Those findings raise a possibility for the presence of output connections from DMS and VS to the motor cortex despite an absence of inputs. We asked whether DMS and VS have outputs to the motor cortex using a retrograde transneuronal tracer, rabies virus.
Methods
We injected unmodified rabies virus into the rat motor cortex and waited 66-70 hours until perfusion. This allowed the virus to retrogradely infect the third-order striatal neurons since striatal outputs need at least three synaptic connections up to the motor cortex. We plotted all the striatal neurons infected against rabies virus and analyzed their location.
Results
As we expected, the densest labeling was found in DLS, suggesting that DLS has a strong closed loop with the motor cortex.
Surprisingly, a few clusters of neurons were identified in posterior DMS and VS. It indicates the existence of open-loop structure in the striatum and implies more direct contributions of DMS and VS to motor control than previously considered.
Discussion
Since DMS is essential for learning of goal-directed action, its outputs that bring reinforcement signals are involved in learning of movement that occurs in motor cortex. VS might be able to interface emotion with motion by linking limbic structures such as hippocampus and amygdala to motor cortex, suggesting its potential roles in "novelty-induced activation" and "fight or flight-like behavior". To ask functional roles of the unraveled pathways is a next step for understanding motor control by basal ganglia.
